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Certain substances which transmit a large percentage of the 
incident radiation in the visible portion of the spectrum, reflect 
strongly in the infra-red. Of these, one of the most noteworthy is 
quartz. It has been shown by Professor E. F. Nichols’ that in the 
neighborhood of wave-length 8.5 # the reflection from a quartz sur- 
face is 20 or 30 times greater than in the other parts of the spectrum, 
and that, consequently, in the spectrum of rays after three succes- 
sive reflections these waves will lose little in intensity, whereas those 
lying on either side of this value will be reduced in the ratio of (20) 
or (30)3 to 1. The spectrum, then, after three reflections will con- 
tain practically only the radiation of wave-length 4=8.5 #, and this 
in measurable quantity. Rubens and Nichols,? and Rubens and 
Aschkinass? have employed this method, commonly known as the 
method of ‘‘Reststrahlen,” for the detection of waves of great length 
in the infra-red. 

In the work which has been done by these investigators it has 
been assumed that the positions of the reflection maxima and the 
absorption maxima coincide, and dispersion formule have been used 
in order to predict the positions of the reflection maxima. This 

1 Physical Review, 4, 297, 1897. 

2 Annalen der Physik, 60, 418, 430, 1897. 3 Ibid., 65, 241, 1898. 
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assumption is not entirely justifiable, and the agreement between the 
calculated and the observed values for the very long waves is not 
sufficiently conclusive. One of the objects of this research was to 
accumulate facts which might possibly throw some light upon the 
problem. The data, however, in regard to the dispersion of sub- 
stances available for experiment are too limited to enable one to draw 
any conclusions. It is hoped, nevertheless, that the few facts here 
added may at some time prove useful in the solution of the problem. 

The following is a list of the substances which have been studied 
by others and the wave-lengths of their Reststrahlen measured: quartz, 
fluorite, sodium chloride, sylvine, mica, marble, sodium bromide and 
calcium bromide. A detailed discussion of these is to be found in 


the papers referred to above. Each substance is characterized by ~ 


well-marked maxima, which occur in the grating spectrum after 
three or more successive reflections. Fourteen other crystalline com- 
pounds have been examined by the writer. Seven of them, viz., 
potassium dichromate, copper sulphate, tartaric acid, ammonium 
chloride, potassium sulphate, potassium bisulphite, and potassium 
ferrocyanide, show unmistakable maxima at various parts of the spec- 
trum. A few words with reference to each of these will be said after 
the apparatus has been described. 


APPARATUS 


Radiometer.—The radiometer was selected for this work because 
of the great difficulty in working in this laboratory with an instru- 
ment which is highly sensitive to small changes in the electric or 
magnetic conditions. This reason has barred the use of bolometer 
and thermopile, while the radiomicrometer, the only other instru- 
ment which can be used in work of this kind, for equal sensitive- 
ness, is not so reliable as the radiometer. The latter instrument, 
undoubtedly the best for infra-red work in this laboratory, is objec- 
tionable on account of the absorption due to the fluorite plate. Above 
11 # practically no radiation gets through. With it, therefore, measure- 
ments cannot be made on waves whose wave-lengths exceed this value. 

The instrument here described is in almost every respect similar 
to the one used by Professor Nichols at the Yerkes Observatory in 
the summer of 1900.' Two vertical sections at right angles to each 


t Astrophysical Journal, 13, 110, 1go1. 
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other are shown on the following page. The scale of the diagram is 
three-eighths natural size for all parts except the suspension, H, which 
is approximately three-fourths natural size. Tube A was cemented to 


A 


Fic. 1.—Diagram of Radiometer. 


a drying tube containing phosphorus pentoxide with a Toepler mercury 
pump. On the frame supporting the pump was also placed a 
McLeod gauge which gave readings consistent to 0.co1 of a milli- 
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meter of mercury. The openings at the lower end of the brass 
case R, three in number, were made air-tight in the following way: 
Over C and P glass plates were cemented by means of the rubber 
preparation ordinarily used for making stop-cocks air-tight. The 
window F was closed by means of a circular fluorite plate about 
2cm in diameter and 2mm thick. This plate was placed between 
rubber washers, which had been previously smeared with the rubber 
preparation, and lowered into place at the inner end of a metal tube 
extending almost to the center of the case. A brass ring was then 
screwed down so as to hold the plate in place and secure an air-tight 
fit. The dome D was held in place by the same rubber preparation, 
and cemented to the glass connecting tube with Khotinsky cement. — 
The rate of leak of the entire system, which contained besides these 
openings two stopcocks, amounted to about 0.003 mm in 24 hours, 
which is not large considering the number of possibilities for leakage. 
The sus pension.—The suspension was made in the following way: 
a very thin rod of glass about 3 cm long carried a cross-arm near its 
upper end. To the extremities of this arm were cemented, by 
means of hard shellac, rectangular mica vanes covered with lamp- 
black. The lower end of the vertical rod carried a small mirror 
placed at right angles to the plane of the vanes. A diagram and the 
exact dimensions are given below. 
mn = 32 mm 


Vane on the right of the diagram 
Ht Length = 0.5313 cm (mean) 
Width = 0.0685 cm (mean) 
Area = 3.637 sq. mm 
Vane on the left of the diagram 
Length = 0.5305 cm 
Width = 0.0687 cm (mean) 
) Area = 3.641 sq. mm 
m ab (outside measurements) = 0.5401 cm 
cd (outside measurements) = 0.5427 cm 


e 


a 


c 


FIc. 2 


Mean = 0.5414 cm 
4 X0.5414 = 0.2707 cm 
OH (measured) = 0.2728 cm 
Size of mirror = 3X3 sq. mm 
Total weight = 6} mg. 


A quartz fiber attached the suspension to the torsion head. 
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Sensitiveness.—In the radiometer it is well known that there is a 
critical pressure at which the sensitiveness is a maximum. The 
accompanying curve shows the relation existing between sensibility 
and pressure for the instrument under consideration. Abscisse are 
pressures, ordinates are deflections. In plotting this curve there was 
used a 76-volt, direct current Nernst filament supplied by a storage 
battery with a constant current of 0.32 of an ampere. At the time 
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o Pressure in mm of mercury 0.1 0.15 0.2 oO. 


Fic. 3.—Sensibility Curve of Radiometer. 


the observations were made the battery was being used for no other 
purpose. It will be observed that the maximum sensibility falls at 
about 0.15 of a millimeter. This critical pressure varies greatly in 
different instruments. Values ranging from 0.05 mm in Nichols’ 
radiometer to 0.15 mm in this case, are to be found. It has been 
suggested that the McLeod gauges which have been used to measure 

, the pressure are responsible for the discrepancy. 

The sensitiveness was also tested by means of a paraffin candle 
in order to compare it with that of other instruments of a similar 
construction. The three radiometers compared in the following 
table are: radiometer used by Nichols' at the Yerkes Observatory 


1 E. F. Nichols, loc. cit. 
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in 1900; one used by Stewart" at Cornell in 1901; radiometer used 
in this investigation. The deflections have been reduced so that the 
numbers correspond to deflections on a scale one meter from the 
mirror due to a candle one meter from the vane. 


COMPARISON OF SENSIBILITIES OF VARIOUS RADIOMETERS 


COMPARISON SOURCE—A PARAFFIN CANDLE 


| | | Time Re- 

| Area of | '(Candie” | Deliection | Relative | quired for 

By Whom Constructed Vanes Vane in d Scal Sensibili- | Maximum 

sq. mm | ties Deflection 

| in Seconds 
Nicholls... Mica 3-14 395 126 | 1.0 
Platinum 30.00 1467 49 0.4 40.0 
ere ee Mica 3.64 1000 275 2.0 45.0 


Difficulties —The difficulties met with in working with a radiom- 
eter have several times been enumerated, but a few words with 
reference to them in the present case may not be out of place. In 
general troubles arise from four sources: namely, (1) unsteadiness 
of the zero position, (2) mechanical jarring, (3) leakage of the radiom- 
eter case and connections, and (4) static charges on the vanes. 
Leakage and charges on the vanes gave practically no trouble after 
the instrument was finally gotten into working condition. The rate 
of leak, as has been seen, was too small to be in the least annoying, 
and the size of the vanes permitted them to be placed at such a dis- 
tance from the fluorite window that, while still fulfilling the conditions 
of sensitiveness, they could turn completely round without striking 
against it and consequently becoming charged, as frequently happens 
in the case of larger suspensions. 

Unsteadiness of the zero position has given far more trouble. In 
so sensitive an instrument it is to be expected that such a difficulty 
will arise. This variation of the zero in the radiometer may be 
reduced in two ways: (1) by care in the construction of the suspen- 
sion, and (2) by guarding against irregular distribution of the radiant 
energy reflected from objects situated obliquely in front of the fluorite 
window. 

If the suspension were perfectly symmetrical with reference to the 


1 Physical Review, 13, 263, 1901. 
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axis of rotation, any source of radiation, no matter how intense, to 
which the vanes are equally exposed, should produce no effect. It 
is, however, not possible to secure perfect symmetry; therefore deflec- 
tions may arise due either to the unequal absorption of radiant 
energy by the vanes, or to inequality in the length of the two arms, 
or to both these causes combined. 

Furthermore, the vanes are located at the inner end of a com- 
paratively long tube; consequently, if the objects situated obliquely 
in front of this tube radiate unequally, it is possible that both vanes 
may not be at the same time exposed to the action of equal forces. 
There will therefore result a rotation. This difficulty may be over- 
come by resorting to screens which will assist in securing a uniform 
distribution of the energy in the neighborhood of the radiometer. 
The figures given above give some idea in regard to the symmetry 
of the suspension, and the diagram of the apparatus shows the 
positions of the sheet-iron screens about the radiometer. 

The source of the greatest annoyance has been mechanical jar- 
ring. The radiometer as well as other parts of the apparatus was 
supported upon marble slabs resting upon iron bars built into the 
wall of the laboratory. Nevertheless it was impossible to make 
observations during the day time. In the experiments on the Rest- 
strahlen the readings were all taken between the hours of 8 Pp. M. and 
12 P. M., when there was no other person in the building. Even 
under these conditions much time was lost in waiting for the effects 
of passing cabs to subside. I have found that when perfect quiet is 
obtained the deflections of this instrument are entirely reliable to one- 
tenth of a millimeter on a scale one meter off. 

The spectrometer.—The divided circle used is one which has been 
employed in this laboratory for testing small plane gratings. This 
circle was set upon a heavy iron base and a steel arm so mounted 
that it, together with the circle, could be rotated in a horizontal plane 
about an axis passing through the center of the circle. This arm 
carried three things: (1) a small concave mirror of 52 cm radius of 
curvature, made by Bausch & Lomb, (2) a Nernst filament, the 
ballast being placed on the wall, and (3) a wire grating so mounted 
that the axis of rotation lay in the plane of the wires. The second 
mirror of the spectrometer, which was of the same size and make as 
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the one mentioned above, was fixed. The arrangement of the 
apparatus is shown by the diagram on the following page, which 
represents a horizontal section. 

The letters indicate the following: 

A, spectrometer table. 

n, Nernst filament. 

Q, sheet-iron screens. 

W, steel bar. 

m, m, silver-on-glass concave mirrors. 

G, grating. 

K, movable screen operated by a string in the hand of the observer 
at H. 

V, V, verniers. 

S, slit. 

S,, S,, S,, surface under consideration. 

M, large silver-on-glass concave mirror. 

R, radiometer. 

C and D, switches in the incandescent lamp circuits. 

F, a resistance box. 

L, a brass rod by means of which the bar W can be turned about O. 

T, a telescope for reading the radiometer deflections. 

T’, a telescope for reading the vernier. 

B, an ammeter indicating the strength of the current through the 
Nernst filament. 

I, a sheet-iron screen surrounding the radiometer and mirror. 

P, a plane silver-on-glass mirror. 

The large mirror M was made by Bausch & Lomb, and has a 
diameter of 12 cm and a radius of curvature of 26 cm. 

In order to read the vernier V by means of the telescope 7’, a 
small plane mirror was mounted above it making an angle of 45° to 
the vertical. A miniature incandescent lamp, which could be turned | 
on and off by means of a switch near the observer at H, illuminated 
the scale and vernier. It can be seen from the arrangement of the 
apparatus that while taking a series of readings it is entirely unneces- 
sary for the observer at H to change his position and this rarely 
occurred. 

The source-—The source was a 76-volt, 0.44 of an ampere direct 
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current Nernst filament supplied by a storage battery, which, while 
readings were being taken, was in use for no other purpose save for 
supplying the 14-volt incandescent lamps which illuminated the 


272, 
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Fic. 4.—Diagram of Apparatus. 


scale and vernier. These, as a rule, were kept burning continuously 
during a series of observations. 

The source circuit contained in series a resistance box and mil- 
liammeter so placed that the current could be watched, and if neces- 
sary controlled, while readings were being taken without the observer’s 
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moving from position. The current variation was very small, never 
exceeding a hundredth of an ampere and frequently absolutely no 
change in the reading of the ammeter could be detected. 

The grating.—The grating was made in a way similar to that 
described by Rubens and DuBois in Naturwissenschajtliche Rund- 
schau, 8 (No. 36), 1893. A heavy brass 
frame, represented in the diagram, was 
placed in a lathe, the ends of two wires 
of as nearly the same diameter as possible 
soldered at A, and wound under tension 
about M and N. After perhaps five 

arm ; centimeters of the length of the frame 
U had been covered in this way, the wires 
— were soldered at B and the whole stretched 
by means of nuts H and K provided for the purpose. One of the 
wires was then cut and carefully unwound, while the remaining one 
was made fast to the brass pieces M and N by depositing electro- 
lytically upon them a comparatively heavy coating of copper. This 
done, the wire on one side was cut away. The spacings between the 
wires of a grating made in this way are very nearly equal to the 
diameter of the wire. The grating constant was determined by 
means of a dividing engine as follows: A setting was made on the 
edge of each wire and the value of each space determined for the 
whole grating. The mean of these values was then averaged with 
the value of the constant found by taking the first and last read- 
ings and dividing the difference between them by the number of 
spaces. The value of the constant for the grating used in the wave- 
length determination was found to be 0.2414 of a millimeter. 

Adjustments were made in the following way. After having first 
placed the grating C so that the plane of the wires included the pro- 
longation of the axis of rotation, as nearly as this direction could be 
determined, the mirror m was moved along W until the reflected 
beam became parallel, then rotated about a vertical axis until normal 
incidence upon the grating was secured. By means of m the spec- 
trum was brought to a focus in the plane of the slit S.. These adjust- 
ments having been made, it was then only necessary to turn the rod 
L in order to bring any desired portion of the spectrum upon the 
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slit. If the slightest change in the angle of 
deviation was to be indicated by the radiome- 
ter, it was necessary that the image of the fila- 
ment and the slit S should have exactly the 
same width, and since the mirrors m, and m, 
had the same focal lengths, S had to have a 
width equal to the diameter of the filament in 
order to secure this result. This width was 
generally slightly less than one millimeter. 

As soon as the current begins to flow through 
a Nernst filament the filament twists out of its 
original position. Observation showed, how- 
ever, that after the current had once started 
and the filament had been adjusted parallel to 
the slit there was no relative shift of the image 
and slit during a series of observations. 

The surfaces S,, S,, S,, supported on com- 
paratively heavy iron blocks, resting on a 
wooden platform, were placed at about the 
angle represented in the diagram, no special 
care, however, being taken to secure accuracy 
in this respect. The mirror M focused the 
image of the filament on the radiometer vane 
which was slightly smaller than the image 
itself. 

The method of measurement is this: note 
the spectrometer reading when the central 
image is focused on the vane, pass the spectra 
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Fic. 6.—Curve showing the distribution of energy in the grating spectra of a 
76-volt, direct current, Nernst glower. Abscissae are angles of deviation; ordinates 


are radiometer deflections. 


Scale: Abscissae, 1 small division= 2’; 


Ordinates, 1 small division=1 mm on radiometer scale. 
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across the slit by turning L, and if the surfaces show selective reflec- 
tion for a particular wave-length, the deflections of the radiometer 
will rise to a maximum as that portion of the spectrum falls on the 
slit. The difference between the spectrometer readings in the two 
cases is the angular devia fausgeey tion. The sine of this angle 
times the grating constant, § =| if the spectrum be the first 
order, gives the wave-length. Before making any new 
measurements it was thought best to repeat some which 
had already been made. For this purpose four quartz 
plates, 44cm, were placed at the points indicated in the 
diagram. The sensibility of =| the radiometer was such 
that the aperture of the mirror +++] m had to be reduced con- 
siderably in order to bring 34:32 the deflections within the 
range of the scale. The value of the wave-length 
determined from the posi tion of the first maxima 
was 8.14p. Since this fii value was much too low 
according to the measure [ff ments of Rubens and 
Nichols, and since no #& special care had _ been 
exercised in procuring nor mal incidence upon the 


Fic. 7.—Potassium Dichromate. 


Scale: Abscissae, 1 small division= 2’; 
Ordinates, 1 small division=1 mm on radiometer scale. 


grating, the adjustments were all made again in as careful a manner as 
possible. The mirror m was moved until the diameter of the beam 
reflected across the room remained constant. In order to secure 
normal incidence a long narrow mirror with the silvered side next 
to the wires was placed carefully on the grating above the portion 
which was being used, and the mirror m turned about a vertical 
axis until the reflected image of the filament lay in the prolongation 
of the filament itself. The wires of the grating and slit S were 
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arranged parallel to each other by means of a fine, silk-thread plumb- 
line viewed through a telescope. The filament was then adjusted 
parallel to S. These adjustments were of course all made after 
the spectrometer table had been leveled. The quartz surfaces were 


then put in place, and the 
ma on either side of the 
as follows. The observer at 
across the slit S by turning 
he had passed beyond the 
in the first order spectrum. 
in the reverse direction as 
action of the radiometer 
When it became evident 
approaching the slit of the 
was lowered and when the 
reached K was raised and 
was then again lowered and 
so on until the first spec 


positions of the first maxi- 
central image determined 
H moved the spectrum 
the rod Z until he was sure 
position of the maximum 
L was then turned slowly 
the observer watched the 
through the telescope T. 
that the maximum was 
spectrometer, the screen K 
steady conditions were 
the deflection noted. K 
another setting made, and 
trum on the opposite side 


reached. In the neighbor- 
mum deflection settings at 


of the central image was 
hood of the position of maxi 


Fic. 8.—Copper Sulphate. 


Scale: Abscissae, 1 division=1’; 
Ordinates, 1 division=1 mm of deflection. 


every minute of arc on the spectrometer were made, care being 
taken always to make the setting by turning LZ in the same direction. 
In order not to bias the judgment no differences between spectrom- 
meter readings were taken until the observations were completed. 
Regarding the position of the central image as the zero on the 
spectrometer, the positions of the maxima were on the one side 
1° 58’, on the other 1° 58’. For a grating constant equal to 
o.2414mm the value of the wave-length for this angle is 8.28 u. 
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Although two different gratings and four different sources, namely, a 
Nernst filament 11o-V., A. C., a Nernst filament 76-V., D. C., a 


Welsbach mantle, and a hot 
used, I have been totally 
higher than this. It is with 
these results, my only excuse 
diligently for a source of 
find none. Objection might 
Nernst filament without a 
necessary to say that the 
obtained when the filament 
and slit was 8.25. Fre 
mined the positions of the 
order on the left, the central 
the right, the spectra were 
and the positions of the three 
with the same result within 
vation, thus always showing 
went no change during a 

Aschkinass' has found 
strongly in the neighbor 
which value he obtained by 
The value I have obtained 

The remainder of this 
consideration of substances 
been determined before. It 
crystals with any reference 


platinum wire have been 
unable to obtain a value 
some hesitation that I give 
being that I have sought 
error and have been able to 
be raised to the use of a 
slit. To this it seems only 
value of the wave-length 
was replaced by a Welsbach 
quently after having deter- 
three maxima, i. e., the first 
image and the first order on 
again shifted across the slit 
maxima again determined, 
the limits of error of obser- 
that the apparatus under- 
series of observations. 

that marble (white) reflects 
hood of wave-length 6.7 p, 
the method of Reststrahlen. 
for white marble is 6.77 . 
paper will be devoted to a 
whose Reststrahlen have not 
was not possible to cut the 
to the optic axis, nor does 


Fic. 9.—Tartaric Acid. 


Scale: Abscissae, 1 division=1’; 


Ordinates, 1 division=2 mm of deflection. 


1 Annalen der Physik., 65, 241, 1898. 
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this seem necessary, for the experiments with quartz have shown 
that the phenomena are independent of the direction in which the 


faces are cut. 


Furthermore, owing to the small size of the crystal, 


the number of surfaces used has been uniformly only three. 


Potassium dichromate.—— 
readily take a high polish. 
obtained varied from three 
The curve is plotted in the 
measurements of this kind 
ings as abscisse and deflec 
ordinates. The curve is 
about the maximum deflec 
central image. 

In order to make clear 
as the curves that follow, I 
shows the distribution of 
direct current Nernst glower 
from the central image out 
order spectrum. This curve 
tuting for S,, S,, S,, silver- 
maximum deflection in the 
because it was too large to 
withstanding the fact that 
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Crystals of this substance 
In area the surfaces 
to six square centimeters. 
way usually employed in 
with spectrometer read- 
tions of the radiometer as 
therefore symmetrical 
tion corresponding to the 


the meaning of this as well 
have added another which 
the energy from a 76-volt, 
in the grating spectra, 
beyond ro in the first- 
was obtained by substi- 
on-glass mirrors. The 
central image is not given 
be read on the scale, not- 
the aperture of the mirror 
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IG. 10.—Ammonium Chloride. 
Scale: Abscissae, 1 division= 2’; 


Ordinates, 1 division=: mm of deflection. 


The central maximum is drawn to one-half scale. 
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m was cut down to the size of a pin head. ABCD shows the 
energy distribution in the first-order spectrum. B is the point of 
maximum emission of energy from the source. Its angle of devia- 
tion is approximately 20’, which corresponds to a wave-length =1. 4 mu. 


Assuming the law A,,0= constant, we get for the 
temperature of the glower fee 2062° C. Abs. 

In all the curves given He herewith we find these emis- 
sion maxima on either side : i of the central image. An 
examination of the curves, : however, will show that 
there is some variation in eis their position relative to 
the central image. This es shifting may be due to 


several causes. In the first oaae place the current through 
the filament was not the ge 
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Fic. 11.—Potassium Sulphate. 


Scale: Abscissae, 1 division= 2’; 
Ordinates, 1 division= 1 mm of deflection. 


The central maximum is drawn to one-third scale. 


and in the second, if the substance should possess any strong reflect- 
ing power in the neighborhood of this maximum, the result would 
be an apparent shifting of the energy maximum, in either one 
direction or the other. 

We will return to the consideration of the potassium dichromate 
curve. D and E, then, are the maxima due solely to the energy 
emission of the source. By increasing the number of surfaces these 
could doubtless be cut out, as was found to be the case with quartz. 
With three quartz surfaces these maxima occur in approximately 
the same position as in all the curves here given, but by increasing 
the number of surfaces to four they disappear, although the curve 


same for any two curves; — 
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slopes off gradually at the base on either side of the central image 
and does not fall to zero abruptly as does the one given by Rubens 


and Nichols for four surfaces. 


The cause of this difference is 


undoubtedly to be found in the greater sensitiveness of the instru- 


ment used in this work. A 
spectra of the waves most 
substance, or what has been 
comparing this curve with 
source it is to be remem 
the mirror m in this case 
in the case of the energy- 
ver mirrors it was not over 
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Fic. 12.—Potassium Bisulphite. 


Scale: Abscissae, 1 division=2’; 


Ordinates, 1 division= 2 mm of deflection. 


Positions of the maxima: 


Energy maxima, 
Reststrahlen maxima, 


184’ and 20}/ 
47%’ and 46}’ 


The wave-length corresponding to 47’ is 2.30 p. 


Tartaric acid.—The reflecting surfaces obtained in this case were 
exceptionally good, but the areas of the surfaces were very small, 
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Positions of the maxima: 


Energy maxima, 
Reststrahlen maxima, 1° 
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Fic. 13.—Potassium Ferrocyanide. 


Scale: Abscissae, 1 division= 2’; 
Ordinates, 1 division=1 mm of deflection. 


The central maximum is drawn to one-third scale. 


Positions ofthe maxima: 


Energy maxima, 
Reststrahlen maxima, 


21’ and 21’ 


2° and 2° 
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Wave-length corresponding to 2° is 8.42 4. 

Potassium bisulphite—These surfaces were also obtained by 
polishing aggregates of small crystals as in the last case. 

Positions of the maxima: 

Energy maxima, 20’ and 21}’ 
Reststrahlen maxima, 1° 56’ and 1° 58’ 

Wave-length corresponding to 1° 57’ is 8.21 #. 

Potassium jerrocyanide.—The somewhat cheesy nature of potas- 
sium ferrocyanide rendered it difficult to obtain surfaces of sufficient 
reflecting power. Success was finally obtained and the accompany- 
ing curve shows the results. 

Positions of the maxima: 


Energy maxima, 22’ and 24’ 
Reststrahlen maxima, 1° 9/ and 1° 9’ 


Wave-length corresponding to 1° 9’ is 4.84 mu. 


SUMMARY OF RESULTS 


Wave-lengths of the Reststrahlen from various substances below 
11 # determined from measurements on first-order spectra. 


Substance | Source Wave-Lengths 
} 
| 76 V., D. C. Nernst Filament 8.28 
| 76V., D. C. Nernst Filament 6.77 
Potassium dichromate............. | 110 A. C. Nernst Filament 10.31 #& 
| 76 V., D. C. NernstFilament 5-72» 
Potassium bisulphite.............. : 8.21 
Potassium ferrocyanide............ | 4.84 


The following table, giving the substances whose Reststrahlen 
have been determined by others, is added for the sake of completeness. 


Substance By Whom Measured | Wave-Lengths in « 
Rubens and Nichols 8.50, 9.02, 20.75 
Rubens and Nichols g.20, 18.40, 21.25 
Rubens and Nichols 24.4 
Rubens and Aschkinass 51.2 
Rubens and Aschkinass | 61.1 
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Before concluding I wish to say a few words in regard to some 
experiments which have been made with a view to determining 
whether or not the waves in the neighborhood of 8.3 can be ellip- 
tically polarized by reflection from a quartz surface. The fact that 
one is compelled to keep both the source and the radiometer in fixed 
positions has rendered the necessary adjustments very difficult. 
For polarizer and analyzer I have used two small fluorite plates 
about 24 centimeters square. At this wave-length fluorite reflects 
only about 2 per cent. of the energy incident upon it; consequently, 
by the time the radiations have suffered reflection at two fluorite, and 
three quartz surfaces there is very little energy left at one’s disposal. 
Although I have not succeeded in carrying out the experiment to a 
definite conclusion the preliminary tests have shown that the radiom- 
eter is sufficiently sensitive to detect the small quantity of energy 
with which one has to deal. I therefore hope to obtain some results 
which will be conclusive on this point. 


To Professor Joseph S. Ames, under whose direction this work 
has been done, I am greatly indebted, chiefly for his valuable sug- 
gestions and his unfailing interest. 


Jouns Hopkins UNIVERSITY, 
Baltimore, June 1905. 
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ON THE ANOMALOUS TAILS OF COMETS 
By E. E. BARNARD 


It seems to be the custom in general to give to the Sun the main 
credit for all the phenomena of a comet’s tail, the supposition being 
that the comet itself merely supplies the material for the Sun to work 
upon. ‘This idea could generally be reconciled with the facts known 
previous to the revelations made by the photographic plate. But the 
photographs of the last ten or twelve years have shown us new 
phenomena, many of which cannot be reconciled to the old ideas of 
a comet’s tail. They are entirely of a revolutionary nature and are 
not easily explained. I have long suspected that other agencies 
besides the Sun entered into the making of these phenomena, and I 
now believe there are three main causes which often combine to pro- 
duce the results shown in photographs of some of the recent comets. 
These are: 

First, the Sun, which produces in the nucleus of the comet a dis- 
turbing action, and which influences the general direction of the 
tail-producing particles. 

Second, the comet itself. A strong ejective power seems to be 
seated in the comet, by which the matter forming the various tails 
is ejected. That this is true is shown by the fact that straight minor 
tails or streams of particles are often seen to issue at large angles to 
the direction of the main tail. Such peculiarities are quite contrary 
to the effect produced by the Sun. It would seem that this power 
is great enough to overcome entirely the direct pressure of the Sun’s 
light. 

These small tails, as I have said, are generally straight. One 
would expect the pressure of the Sun’s light to bend them more or 
less toward the radius vector, but this does not seem to be the case. 
It would therefore appear that the Sun has but little influence on 
these small divergent tails. 

It is probable that if, after the nucleus becomes active, the effect 
of the Sun’s repulsive force were removed, tails would be shot out 
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from the head of the comet in all directions. This is, of course, not 
opposed to the generally accepted theory of cometary tails. 

Third, an outside influence that has no concern whatever with the 
comet itself and whose effect is purely an accident of circumstances. 
This is shown in the remarkable and rapid distortions and deflections 
of the tail or tails. There is clear evidence that this is some sort of 
resistance offered by some kind of medium not uniformly distributed 
in the planetary spaces. It may be a meteor swarm of sufficient 
density to break the comet’s tail, or to distort or deflect it. There is 
no question but these sudden distortions or deflections are inde- 
pendent of any action of the Sun or of the comet itself. Their causes 
may not necessarily be due to meteor swarms or streams. As I have 
suggested elsewhere,’ there may be currents of resistance of some 
kind moving about the Sun capable of producing these phenomena, 
of which we know nothing at present. If so, their presence would 
be indicated alone by the distortions they produce in comet tails. 
That these influences do not permanently exist throughout the solar 
system is shown by the fact that only occasionally does a comet show 
their effect. The average comet with a tail usually shows only 
phenomena that can be satisfactorily explained by the first two causes. 

Encounters with such a medium would readily explain the sudden 
brightening up of some comets when long past their greatest theo- 
retical brightness—such, for instance, as shown by Sawerthal’s 
comet in May 1888; or it might account for the breaking up of such 
a comet as Biela’s. Whatever the supposition may amount to, there 
is forced upon us the fact that some outside influence beyond the 
control of comet or Sun entered into the production of the peculiar- 
ities of the tail of Brooks’ comet in October and November 1893. 

I have already? called attention to the remarkable disruption of 
the tail of this comet, as shown on the photographs between October 
20 and 23, 1893, but the phenomena of November 2 and 3 of that 
year have not yet been studied. The photographs made on these 
last two dates perhaps bear as strikingly as those of October on the 
question at issue, and they more clearly show the deflection of the 
tail. At the Astronomical Congress in September 1904, at St. 
Louis, I exhibited a lantern slide made by superposing the two orig- 

1 Monthly Notices, 59, 355, 1899. 2 Popular Astronomy, 12, 1, 1904. 


| 
| 
HT 
‘ 
| 
| 
: | 
I. 
| 
| 
i 
i 
| 
| 
| 


a 

uF 


‘d 
0} wO yQI 
‘z “AON ‘f6g1 


I 


WU 


I] pue jo 
) 


‘L's ‘d 
“AON 


Il 


INA ALV Td 


= 
J 


ANOMALOUS TAILS OF COMETS 251 


inal negatives, star for star, which would thus show on one plate the 
two pictures of the comet separated by the amount of motion in the 
one day’s interval. This method does not appear to have been used 
before for showing the changes in a comet’s tail. As the two plates 
covered essentially the same region of the sky, the stars of the last 
plate were easily superposed on those of the first night; and when 
an exact register was made, the effect was the same as if two,instan- 
taneous exposures of the comet on the two dates had been made on 
the same plate, using the same guiding star for both exposures. If 
one examines thus these two photographs of this comet, he is forced 
to the conclusion that the deflection of the tail in the interval between 
the two photographs cannot be explained by any of the ordinary 
causes that go to produce the phenomena of a comet’s tail. In this 
case the computed position angle of the radius vector for the two dates 
was nearly the same, 324°. In the photographs the two tails should 
therefore be parallel to each other. But there is a difference of some 
15 degrees between the two. (Observed position angle: November 2, 
322°; November 3, 306°; the deflection comes from the direction 
in which the comet was moving.) The strange thing is that the ends 
of the tails seem not to have changed their position in space while the 
head has advanced in the comet’s path. This phenomenon is almost 
exactly reproduced in the photographs of November 6 and Novem- 
ber 7. There was little change in the computed position angle of the 
radius vector for some time, and if at about this date any other two 
successive plates of the comet are superposed, it will be seen that 
the tail has moved essentially parallel to its first position. 

In the accompanying plate the large picture is a composite made 
by superposing the two negatives of November 2 and November 3. 
This exhibits well the peculiarities I have mentioned of the lagging 
of the end of the tail, as if it were delayed by a resistance of some 
kind. In this picture there are two regions of greater brightness 
where the tails combine. The first of these is at a 12° 35™2, 
+ 28° 12’. This one is mainly due to the tail of November 2. The 
second is in a 125 30™4, 8+ 28° 24’ (1855). It is due mainly to the 
tail of November 3. 

A few points with respect to the individual pictures which are 
also given on Plate VIII may aid in the study of the photographs. 
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Photograph of 1893, November 2.—The length of the tail to the 
abrupt end is 3°7; the extreme length of the tail, 5°4; while the 
small narrow tail which runs northwest from the head is 2° long. 

Photograph oj 1893, November 3.—The extreme length of the tail 
is 5°. There is a large detached mass 5°o from the head, the position 
of the center of which is a 12" 32™0, 6+ 28° 25’ (1855). 

The following are the positions of the head of the comet as taken 
from the B.D. charts: 

1893, November 2, 165 42™, Pacific Standard Time 
a 12" 45™2, 6+ 25° 14’ (1855) 


1893, November 3, 16" 45™, P. S. T. 
a 12 46™8, 5+ 26° 6 (1855) 


In comparing these two pictures, I am not able to identify with 
certainty any one feature common to both photographs. The 
changes have doubtless been so rapid that nothing forming the tail 
in the first case remains as a part of it in the second case. I do 
not think that even the small, narrow tail running to the northwest is 
the same in both photographs. ‘The detached mass at the end of the 
tail on November 3 might be supposed to be the bright mass at the 
end of the tail of November 2, but I do not believe this is so, for 
the changes were entirely too rapid for it to have lasted twenty- 
four hours. Yet one is tempted to believe them the same, for the 
end of the tail seemed to be detained in that region. I do not think 
it necessary to call attention to any other details, for the photographs 
will speak for themselves in this matter. 

A list of the brighter stars shown on the photographs may be of 
use in the study of the peculiarities of the tails. 

These are quite easily identified on the photographs. Referring 
to the picture of November 2, No. 1 is 4° west of the abrupt end of 
the tail. Nos. 2 and 3 are the two stars 4° west of the middle of 
the tail. Nos. 4 and 5 are the two 1° west and south of the head. 
No. 6 is the one close west of the tail, 1° back from the head. Nos. 
7 and 8 are the two 14° east of the end of the tail, No. 8 being the 
eastern of the two. . 

I have previously shown’ in the photographs of Borrelly’s comet 


t Astrophysical Journal, 18, 210, 1903. 
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B. D. No. Mag. a (1855) 6 Current No. 
+27°2158 7.9 12h 33M 4783 +27° 56:3 I 
+ 26. 2383 6.8 ic 2° os +26 55.2 2 
+ 26.2385 - 12 36 27.5 +26 27.4 3 
+ 24.2493 6.5 2 3) 4695.7 +24 56.5 4 
+ 24.2495 40 51.6 +24 53.5 5 
+ 25.2568 6.0 12 41 43.6 +25 38.6 6 
+ 28.2153 6.2 ro 42 36:5 +28 20.4 7 
+ 28.2156 5-0 I2 44 41.4 +28 20.0 8 


of 1903 that in that comet, at least, the tail really moved bodily out 
from the comet at a comparatively slow velocity, small in comparison 
with the velocities often attributed to comet tails, at the same time 
partaking of the onward motion of the comet; and that, if dis- 
connected from the comet at any moment, it would continue to 
drift in space for at least several hours as a visible body. 

This all fits in closely with the idea of a disruptive effect due to 
the tail meeting with some resisting medium in the case of Brooks’ 
comet. 

I am aware of the theories necessary to account for the apparently 
extraordinary flight of the tails of the great comets of 1843 and 1882 
around the Sun, which would absolutely preclude the idea of an 
actual onward motion of the tail for any considerable time. Such 
conditions were, however, evidently entirely anomalous, and were due 
to the extremely close approach of these bodies to the Sun. Perhaps 
the velocity with which the particles leave a comet under the influ- 
ence of the Sun’s light varies inversely as the squares of the distances 
from the Sun, and hence in the case of such comets as those just 
referred to the initial velocity of the particles might be many thou- 
sands of times that of the particles leaving Borrelly’s comet. In the 
comet of 1843 the particles would probably have a velocity of as 
much as 100,000 miles (160,000 km) a second. 

From these considerations it is evident that every active comet 
should be photographed as often as possible. Photographs made on 
the same night will be especially valuable, and these should be made 
as frequently as possible during the night. It is from such photo- 
graphs alone that the progressive changes can be followed intelli- 
gently. The changes from day to day in a comet are so very great 
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that it is usually not possible to connect certainly any phenomena of 
one night with that of the night before, as no part of the tail would be 
likely to live over the interval. But from successive photographs 
on the same night—especially when the comet is bright enough to 
permit short exposures—the actual changes may be observed and 
measured with certainty. 

If an active circumpolar comet were to appear here in the winter 
time, it would be possible to get five or six or more successive pictures 
with exposures of from one to two hours. From such photographs 
the actual history of the changes could be studied, and in all proba- 
bility with the most remarkable results. 

The day-to-day history of a comet has too great an interval, and 
the changes are not necessarily at all connected. It is the hour-to- 
hour history that must be studied to understand the changes taking 
place in the comet. In the case of a very bright comet, exposures 
at intervals of half an hour should be made as long and as continuously 
as the conditions will permit. By this means it will be possible to 
determine the exact value of the motion of the particles in the tails of 
various comets, or of the same comet, at different distances from the 
Sun. The true law of the velocities of these particles with respect 
to the Sun and comet will thus become known independently of any 
prevailing theory. 

Is it not more likely that the different tails of a given comet are 
all made up of the same kind of particles, and that the cause of their 
different directions is not so much due to different densities as to the 
fact that they are ejected toward different parts of space by a force 
residing in the comet itself? This would seem to me to be a more 
reasonable supposition than that the repellent action of the Sun had 
sifted out various elements of the comet and shot them forth with 
velocities conformable to their densities. It is not improbable that 
different comets are much alike in their chemical composition. The 
spectroscope has certainly not shown them to be of very diverse 
elements. 

The tail is doubtless made up of particles of matter that recede 
from the comet in a general direction away from the Sun. This is 
evidently due to an influence exerted by the Sun upon the particles 
of the comet. There may be many tails, some of which diverge from 
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the radius vector by considerable angles. They are straight streams 
of matter apparently shot out by the nucleus quite in defiance of the 
Sun’s power to force them in the direction of the radius vector. If 
these were entirely due to the expulsion of matter from the comet by 
the pressure of the Sun’s light, these widely diverging tails would not 
be possible. It would appear that the generally accepted theory of 
comet’s tails at least needs much modification. More credit must be 
given to the comet for the production of its tails than has heretofore 
been accorded it. 


YERKES OBSERVATORY, 
October 13, 1905. 
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ON THE SPECTRUM OF SILICON; WITH A NOTE ON 
THE SPECTRUM OF FLUORINE! 


By JOSEPH LUNT 


In a recent paper? M. A. de Gramont questions the silicon origin 
of certain lines, viz., % 4089.1, 4 4096.9, and A 4116.4, grouped 
together as Group IV by Sir Norman Lockyer, who ascribes them 
to the element named. He says: “J’ajouterai que les lignes du 
groupe IV, qui indiqueraient, d’aprés Lockyer, une température 
excessive, ont toujours, sur mes clichés, accompagné les raies de l’air 
et ont disparu avec lui. Elles coincident avec des lignes de l’oxygéne 
et de l’azote, et ces deux gaz ont été reconnus dans plusieurs étoiles 
d’Orion et dans 8 Crucis. Je crois donc le groupe IV attribuable 
a Vair.” 

Sir Norman Lockyer and Mr. Baxandall* have replied by bring- 
ing forward photographic evidence in support of their conclusions. 
While agreeing with the latter authors that the lines in question, 
with the exception oj % 4096.9, are really silicon lines, I consider that 
the evidence brought forward by them is in itself insufficient to 
establish their conclusions satisfactorily. 

Nearly three years ago I prepared a paper, “‘On the Spectrum of 
Silicon from its Dissociated Compounds,” for inclusion in volume 
10 of the Annals of the Cape Observatory, but as this volume has not 
yet appeared, owing to other papers being still under preparation, it 
seems desirable to publish, in advance, an extract dealing particularly 
with the lines under present discussion, and to mention briefly some 
other important lines. The extract is as follows: 


“HIGH-TEMPERATURE LINES AA 4089.1 AND 4116.4 


“These two lines were first recorded as silicon lines by Lockyer 
in his ‘Note on the Spectrum of Silicon,’5 and it is of great interest 
to notice their behavior under different conditions. Of these lines 


t From advance proofs of a paper presented by Sir David Gill to the Royal Society. 
2 Comptes Rendus, 139, 188, 1904. 4 Ibid., '74, 296, 1904. 
3 Proc. R. S., 67, 405, 1900. 5 Ibid., 65, 449, 1899. 
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Lockyer writes: ‘The lines in Group IV" have never been seen in the 
spark spectrum of silicium when small coil and small jar capacity are 
used,? but with the spark given by the Spottiswoode coil and plate 
condenser they appear as weak lines. They are not, like the mem- 
bers of Groups II and III, seen in the spectrum from the bulb when 
a vacuum tube is used, but in that given by the capillary the strongest 
ones are very prominent, and vie in intensity with the lines in Group 

‘At the outset it may be stated that a large number of experi- 
ments had to be made before the confirmation of the silicon origin of 
these lines was considered satisfactory, but there can now be no 
doubt that Lockyer’s identification is correct. These lines are 
absent in the list of lines given by Exner and Haschek, and by Eder 
and Valenta, and, so far as I know, no other observers have recorded 
them. 

“In my earlier experiments with argon tubes’ I had obtained these 
lines from the glass capillary, not only of argon tubes, but also from 
those of other tubes containing various gases; and concluded that 
they may be obtained from glass vacuum tubes, whatever the gaseous 
contents may be, provided that sufficient jar capacity and a suitable 
spark-gap are employed to decompose the glass. That I then 
doubted their silicon origin, however, is shown by the fact that they 
were not included in the list of silicon lines discussed in my first 
paper. This was owing to the fact that the spark spectrum of silicon 
tetra-fluoride had only been examined in wide tubes at atmospheric 
pressure, under which conditions the lines in question are absent, 
unless the immediate vicinity of the platinum electrodes is examined. 

“T find that even at a pressure of 12.5 mm the glass capillary of a 
silicon tetra-fluoride tube fails to give these lines when a small jar 
and gap are used, although the other silicon lines are very pronounced. 
If, however, the pressure be reduced to 3 mm, still using one small 
jar and gap, these lines come out strongly and are almost as strong 

* Group IV consists of three lines, the two above, and one, \ 4096.9, which I do 
not obtain in my photographs, and regard its silicon origin as doubtful. 


2 I show later that small coil and jar capacity suffice to bring out these lines 
strongly in the spectrum from the capillary of tubes of the fluoride. 


3 Proc. R. S., 66, p. 44, 1900. 
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as the strongest lines in the whole spectrum. With a similar pres- 
sure of silicon tetra-chloride, however, using the same jar and gap, 
these lines are exceedingly weak, while the rest of the silicon lines 
are strong. 

“Tt is thus evident that the silicon spectrum from a mixture of 
silicon and chlorine (dissociated silicon tetra-chloride) is very dif- 
ferent from that obtained from a similar mixture of silicon and 
fluorine (dissociated silicon tetra-fluoride). The effect of the 
chlorine being, apparently, to lower the temperature of the gas, and 
so extinguish the lines which require the highest temperature for 
their production. 

“Lockyer' found that the presence of the chlorine in the dis- 
sociated chlorides of various metals had the effect of extinguishing 
the short, and therefore presumably high-temperature, lines, for he 
writes: ‘It was found, in all cases, that the difference between the 
spectrum of the chloride and the spectrum of the metal was, that 
under the same spark conditions the short lines were obliterated, while 
the air lines remained unchanged in thickness. Changing the spark 
conditions by throwing the jar out of the circuit, this change was 
shown in its strongest form, the final results being that only the very 
longest lines in the spectrum of the metal remained.’ 

“This pronounced difference between the behavior of silicon tetra- 
fluoride and silicon tetra-chloride had the effect of again throwing 
doubt on the silicon origin of the lines under discussion. On 
examining, however, the photographs taken for the purposes of 
the former paper, in which the spark spectrum had been taken in 
hydrogen from beads of sodium and potassium silicates made from 
rock-crystal, it was seen that these lines did occur as short lines 
close to the beads, but not extending throughout the spark, as did 
the other lines. This, in itself, was another evidence, not only of 
their silicon origin, but also of the high temperature requisite for 
their production. 

‘All further doubt was, however, set at rest by preparing other 
beads of potassium silicate from carefully purified silica, made from 
silicic acid precipitated from silicon tetra-fluoride by water. The 
spectrum of these beads showed these lines as short limes as in the 

tPhil. Trans., 163, 258, 1873. 
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case of rock-crystal silicate, and their length was not much increased 
by sparking the beads in the fused state. 

“Accordingly, the weakness or absence of these lines from the 
capillary of silicon tetra-chloride vacuum tubes was attributed to the 
above-mentioned effect of chlorine. These lines can, however, be 
obtained from silicon tetra-chloride tubes as strong lines, having 
much the same relative intensity as those obtained by Lockyer from 
the bromide, by increasing the number and size of jars and the width 
of the spark-gap; but only at the expense of decomposing the glass oj 
the tube itself. This decomposition of the glass is evidenced by the 
appearance of a strong spectrum of oxygen and the almost complete 
obliteration of the chlorine spectrum, much in the same way as the 
spectra of argon and helium can be obliterated and replaced by those 
of silicon and oxygen. The spectrum thus obtained is, in fact, prac- 
tically identical with that obtained under similar conditions from a 
tube filled with pure oxygen at low pressure (2 mm), residual air, or 
any other gas, and cannot in any way be regarded as a spectrum of 
dissociated silicon tetra-chloride. 

‘“‘A consideration of these facts suggests a serious objection to the 
acceptance of the spectrum obtained by Lockyer from a silicium 
bromide capillary vacuum tube by the use of the large Spottiswoode 
coil and plate condenser, as evidence that the lines in question are 
silicon lines. It is clear that they may be, and probably are, obtained 
from the glass tube, and might equally well belong to some other 
material contained in it. 

“For example, the H and K lines of calcium and the D lines of 
sodium, and even the strong triplet of manganese, often accompany 
such spectra, and one might equally well attribute the lines to some 
other and possibly unknown substance. 

“The weakness of the lines, when obtained from silicon itself, a 
substance likely to contain impurities, as results show, and the fact 
that Exner and Haschek did not obtain them from the specimens 
of silicon with which they worked, would rather suggest that they 
were due to some impurity in Lockyer’s specimen of silicon; the 
fact of obtaining them as such strong lines from a silicium bromide 
capillary vacuum tube, under the conditions of his experiments, is 
no evidence to the contrary. 
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“Such evidence must, in fact, be obtained from carefully pre- 
pared pure silicates, or other pure silicon compounds, sparked under 
such conditions that the presence of glass cannot possibly vitiate the 
results. These two lines are present in € Canis Majoris and other 
helium stars, as strong lines, together with other silicon lines, but 
the low-temperature silicon lines are either absent or very weak, the 
only low-temperature lines present in ¢ Canis Majoris being the per- 
sistent pair 4128 and 4131, which are weak and indistinct lines.”’ 


The photographs presented by Lockyer and Baxandall only 
serve to confirm the views expressed in the foregoing extract, viz.: 
that the silicon lines from their vacuum tubes filled with gaseous 
silicon compounds have their origin as much in the material of the 
glass capillary as in the gaseous compound introduced; and if we had 
no other evidence to the contrary, we might equally well say that the 
lines of calcium, sodium, and manganese, which appear in vacuum 
tubes so filled, belong to silicon and not to the metals named. 

The spectra of silicon tetra-fluoride vacuum tubes reproduced in 
their paper show a very strong spectrum of oxygen, which is suf- 
ficient evidence that the spark conditions were such as to result in 
the decomposition of the glass of the tube, which introduces great 
uncertainty as to the nature of all the materials thus rendered incan- 
descent. The oxygen lines cannot be due to contamination with 
atmospheric air, as the spectrum of nitrogen is absent. 

The photographs of spectra which accompany this note show 
clearly the unimportant part played by the silicon tetra-fluoride in 
the production of the silicon lines in Lockyer and Baxandall’s photo- 
graphs, as their spectrum is practically identical, except for the 
presence of a few fluorine lines, with the second strip of the photo- 
graphs sent herewith, which was produced from an oxygen tube, 
and could have been equally well obtained from a tube containing 
argon, helium, or other gases under suitable conditions (Plate IX). 

The first strip shows the spectrum of oxygen for comparison. It 
was taken from the same tube as the second strip, but with small 
coil and small jar instead of the heavy disruptive discharge from the 
large coil and four large jars. The third strip shows, however, that 
a true spectrum of dissociated silicon tetra-fluoride may be obtained 
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without simultaneously producing a strong oxygen spectrum. This 
is a spectrum of the gaseous materials purposely introduced into the 
tube, and not one of the glass of the tube itself, and therefore it has 
far more value as evidence, especially in view of M. de Gramont’s 
statement that the lines of Group IV, in his experiments, appear and 
disappear with the air lines. 

This photograph was produced with a small coil and a small jar, 
which gave a discharge insufficient to decompose the glass capillary. 
It will be seen that the spectrum of oxygen is almost completely 
eliminated, a trace only of the strongest lines, the strong triplet 
mentioned by Lockyer and Baxandall, being just perceivable. 

The two strong lines of Lockyer’s Group IV are, however, among 
the strongest in the spectrum, and they are accompanied by the 
well-known pair AA 4128 and 4131 in Group II, and the strong 
triplet of Group III." 

Moreover, the spectrum of fluorine, considered later, is much 
stronger than in the Kensington spectra. The strongest fluorine 
lines are marked with one black dot at the upper end, while the 
silicon lines are marked by one black dot in the middle, the wide 
pair of silicon lines to the left being the two strong lines of Lockyer’s 
Group IV, A 4089 and A 4116, the close pair on their right belonging 
to his Group II, 44128 and 4131, and the strong triplet on the 
right being Group IIT, 4553, 44568, and A 4575. 

Strip IV shows the central part of a negative taken from a silicon 
tetra-fluoride capillary under conditions which leave part of’ the 
SiF , undecomposed, as the band spectrum of this compound (men- 
tioned also by Eberhard) shows. In this the fluorine lines are 
practically absent, although the silicon lines are very strong. 

All the twelve lines? (Group IV being absent) of Lockyer’s first 
three groups are exceedingly distinct, as well as two lines, the pair 
to the right of the very strong pair AA 4128 and 4131, which I regard 

« Sir Norman Lockyer and myself almost simultaneously and independently dis- 
covered these strong stellar lines (Group IIT) to be due to silicon, but both of us had 


not noticed that M. de Gramont had previously recorded them as silicon lines, which 
he found in the spectra of silicates (Comptes Rendus, 124, 192, 1897). 


2 The green pair AA 5042, 5057, the arc line A 3906, and the Group II triplet 
AA 3854, 3856, and 3863 are outside the limits of the strip sent for reproduction. 
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as two new silicon lines not hitherto recorded by any who have 
worked on the spectrum of silicon. 

Strip V shows the pair AA 4128 and 4131 as intense as in strip III, 
but without the lines of Groups III and IV. It is interesting as 
representing the low-temperature stellar spectrum of silicon repro- 
duced in the laboratory. It is from a silicon tetra-chloride vacuum 
tube. 

Herr G. Eberhard’ has also made an important investigation of 
the spectra of silicon obtained from its halogen compounds. He 
says: “The arc lines A 3905 and A 4103 occur throughout the spark, 
but the lines A 4089 and A 4116, on the contrary, occur only in the 
immediate neighborhood of the points of the electrodes;’”’ which agrees 
with the results of my experiments with silicates mentioned in the 
preceding extract, and probably explains why Exner and Haschek 
missed these lines, as Eberhard points out. 

The wave-length of the silicon line 4 4116 cannot be accurately 
measured in presence of a strong fluorine spectrum, unless sufficient 
dispersion is employed to separate the slightly less refrangible fluorine 
line. 

I have hitherto left out of account the middle line of Lockyer’s 
Group IV, viz., 4096.9. It is a very important stellar line, as the 


€ Orionis B Centauri y Orionis 
6 12 15 | 5 2 
18 6 4 2 I 
SE 25 25 25 35 40 
3 6 10 2 ° 


They say: ‘4096.9 is so near H;, wave-length 4101.8, that it 
gives the hydrogen line the appearance of being double, or of having 
a bright central line superposed on a broad dark line. By super- 
posing this spectrum upon that of another star, it is easily seen that 
Hj is not double. It then appears that H, of the superposed image 

t Zeitschrift fiir wissenschajtliche Photographie, 1, 349, 1903. 

2 Annals of the Observatory of Harvard College, 28, part 2, pp. 233 and 235. 


3 The first and last of these are silicon lines. Cannon and Pickering assign no 
origin. 
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matches the line of greater wave-length in this spectrum, and the 
line 4096.9 is well separated from the hydrogen line. 4096.9 has 
not been seen in the preceding classes of spectra, and is strongest in 
spectra of this class (viz., Oe) declining in intensity in succeeding 
classes until B2A is reached, when it is not present.” 

It is doubtless the same line that Lockyer’ records as A 4097.3 in 
€ Orionis, ascribing its origin to Si (IV), and Hartmann? in 6 Orionis 
as X 4097.49, he also ascribing it to silicon, following Lockyer and 
Exner and Haschek as regards origin. Exner and Haschek find its 
wave-length as 4096.8, while A. de Gramont places a line at A 4097. 3, 
but ascribes it to air. Eberhard does not mention any silicon line 
here. 

This line is certainly not present in the purest silicon spectra 
which I have been able to obtain, and which show the other two 
lines of Group IV strongly. In strip III of the accompanying 
photographs its place lies between the silicon line A 4089 and the 
fluorine line A 4103, a region destitute of lines of any kind. 

In 29 Canis Majoris, according to Cannon and Pickering, this 
line is three times as intense as the stronger silicon line of Group IV, 
but—as is shown in the preceding extract from their intensities—it 
becomes weaker in stars showing the Group IV lines of silicon more 
strongly. I am convinced, therefore, not only because of the absence 
of this line in strip III and its relative weakness in the spectra of both 
Lockyer and Exner and Haschek, but also because of stellar evidence, 
that some other origin than silicon must be sought for this line. 

There are both oxygen and nitrogen lines very close to this place, 
but neither of these elements accounts for the strong stellar line. 
These elements are sufficient, however, to account for the line in 
laboratory spectra of silicon showing air lines. 

Exner and Haschek’s lines XX 3883.46, 4921.0, and 4764.20.— 
These lines do not appear in the Cape photographs. Neither Lock- 
yer nor Eberhard finds them, and M. A. de Gramont does not men- 
tion them. They also should be struck out from the list of silicon 
lines, as due to accidental impurities. 

Line X 4030.—Similarly with line 4030, found both by Exner 

t Catalogue of 470 of the Brighter Stars (1902), p. 52. 


2 Astrophysical Journal, 19, 272, 1904. 
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and Haschek and Lockyer, although Lockyer states that it may be 
due to an impurity, and he does not include it in any of his four 
groups. This line is not obtained either by Eberhard or myself, and 
should also be struck out. 

Lines 3854 and  4103.—The lines AA 3853.9 and 4103.2 of 
Lockyer, which Eberhard does not obtain, are present in the Cape 
photographs, while Exner and Haschek record them as double lines. 
I do not doubt the silicon origin of these lines, but find them to be 
single and not double. The latter line is involved with both fluorine 
and oxygen lines when the spectra of those elements are present, but 
it is seen both in the spectra of the chloride and fluoride of silicon 
when examined under conditions which preclude the presence of the 
halogen spectra. 

Mention may also be made of two pairs of silicon lines, one in 
the orange and another in the red, which were first noted by A. de 
Gramont. These I have confirmed, as well as the green pair also 
noted by A. de Gramont and confirmed by Lockyer. 

New pair of silicon lines.—There is, however, another pair of 
lines which have not hitherto been recorded, which I regard as low- 
temperature silicon lines. Their wave-lengths are 4191.0 and 
dX 4198.5; they are well shown in strip IV. On the same negative 
are six other low-temperature lines, viz.: 2» 3854, > 3856, A 3863, 
A 3906, and the green pair AA 5042 and 5057. The pair AA 4128 
and 4131 is very strong in the photograph (strip IV), while A 4103 
is a weak line. 

The banded spectrum of the undecomposed fluoride is also well 
shown. This partial dissociation of the gas is evidence of the low- 
temperature condition, and the absence of the fluorine lines is well 
marked. 

This new pair of lines was also obtained in the chloride, both in 
capillary tubes, at pressures of from 3.5 to 12.5 mm, and also in the 
spark between platinum electrodes in a bulb filled with the vapor of 
the chloride at atmospheric pressure. 


NOTE ON THE SPECTRUM OF FLUORINE 


It is a remarkable fact that none of the observers who have worked 
with the spectrum of silicon tetra-fluoride have attempted to assign 
a definite spectrum to fluorine, although its lines must have accom- 
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panied most of their silicon spectra. It is also remarkable that 
Lockyer and Baxandall’s Plate 11, strip A, shows the strongest 
fluorine lines clearly differentiated from the oxygen and silicon lines 
by being thickened in the lower half of the strip. Notice particularly 
the line beneath the letter V in vacuum tube. 

None of the silicon and oxygen lines have this appearance, and 
the following lines may be picked out in their photograph by mere 
inspection, viz.: 4103, A 4109, 4 4246, A 4299, and A 4447. 

The further elucidation of this interesting spectrum is suggested 
as a fruitful field for further research, which might preferably be 
undertaken outside an astronomical observatory. 

It is evident that a complete knowledge of the spectrum of fluorine 
will help to increase our knowledge of the spectrum of silicon, and 
probably that of other elements which have volatile fluorides. 

There is a fluorine line on the green side of the 4116 silicon line 
with a wave-length of +2 4116.8, stronger than the fluorine line 
X 4113 and fainter than A 4119, which in spectra of dissociated silicon 
tetra-fluoride gives the silicon line too high a value for wave-length, 
unless sufficient dispersion is employed to separate the two lines. 

A list of lines which may be ascribed to fluorine is appended. 
There are other lines in this region which may be due either to silicon 
or fluorine, but further experiments are necessary before their origin 
can be determined satisfactorily. 


SPECTRUM OF FLUORINE 


a | A | Intensity 

{ 3847-3 eS 4103.6 10 

First triplet 3850.2 2 | Group of five 4109.3 
: lines } 4773- 

{ 3899.0 2 | 4116.8 2 

Second triplet {3902.1 | I {4119.3 3 

| 3904.0 | <1 4246.5 30 

4025.3. | 10dup? 4299.3 7 

4084.1 | 2 4446.8 20 
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NOVA AQUILAE OF 1905 
By J. A. PARKHURST 

The region of this Nova was included on seven pairs of plates 
taken by Professor Barnard with the Bruce photographic telescope 
in 1904, and since the announcement of discovery five plates have 
been taken with the 24-inch reflector, one of which is reproduced in 
Plate X. From these plates the position of the Nova and a sequence 
of faint comparison stars have been measured; also the color of the 
Nova and the neighboring yellow star —4°4663. Photometric 
magnitudes of a sequence of comparison stars have been obtained 
with the 6-, 12-, and 4o-inch telescopes. 

Table I gives a list of the plates taken with the Bruce telescope, 


TABLE I 


PLATES TAKEN WITH BRUCE PHOTOGRAPHIC TELESCOPE 


| Limits 
EXPOSURE 
| 6-inch | 10-inch 
1904 April 1s.........) 2h 25m j 
2 40 g’ 
MAY 40... I 45 h 
3 40 j | 
5 35 g’ e’ 
| 41 10 
| 5 35 | 


simultaneous exposures being made with the 6- and 1o-inch lenses. 
No trace of the Nova appears on any of these plates, but the last 
two columns give the faintest star distinctly visible. ‘These stars 
can be identified on Plate X by the aid of the co-ordinates in Table 
V. From this table we conclude that the Nova was at least fainter 
than magnitude 15 in the spring and summer of 1904. 

Table II shows the plates thus far obtained here with the 24-inch 
reflector. No. 233 was taken by Mr. F. C. Jordan; the others by 
the writer. Nos. 223 and 224, made on the same evening, show 
stars as faint as k, with disks suitable for diameter measures in order 
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TABLE II 


207 


PLATES TAKEN WITH 24-INCH REFLECTOR 


EXPOSURE MAGNITUDES 
| APER- 
From To | T Nova | A_ |—4°4660 
223 | Sept. 2 | 7h 57m | 8h | 14m 12-in.| Seed 27 10.33) 8.59 | 9.19 
ani * 12 “4 8 41 | 27 12 Cramer Iso. | 10.24] 8.32 | 9.16 
226| “ 20 |9 25 9 55 | 30 | 24 Seed ....- 
aay | 7 0 | 180 24 | ....- | 
233 | 17 260 | 238 | 24 Seed a7 | ..... | 


to find the magnitude. As the aperture was reduced to 12 inches, 
the field was flat enough to yield accurate positions. These two 
plates were accordingly measured and reduced in duplicate by Mr. 
Jordan and the writer, using as standards the four stars from the 
Erstes Miinchener Sternverzeichniss given in Table III. The result- 


ing position of the Nova for 1900 is 
From plate No. 223, R.A.=18 56™ 48895, Dec. 


= —4° 35’ 20°3 


From plate No. 224, R.A. =18" 56™ 48.98, Dec.= —4 35 20.3 
Mean, R.A. = 18" 56™ 48.96, Dec.= —4 35 20.3 
TABLE III 
STANDARD STARS FOR POSITION OF Nova 
PLACE FOR 1900 
STAR B. D. ee Catalogue | Plates 
— 424663 | 18367 | 184 55m 52809 | —4° 34’ | 55™ 52/08 | 34’ 404 
B.....| —4.4668 | 18425 | 18 56 35.42 4 28 32.9 |56 35.38 | 28 34.1 
ene —4.4665 | 18389 | 18 56 5.89 4 49 8.5 |56 5§.90]49 7.7 
73----| —4-4673 | 18466 | 18 57 15.09 4 19 34-9 |57 15-14 | 19 34.2 


This position differs by of24 and 6‘5 from that given by Hartwig 
in Astronomische Nachrichten No. 4047, the latter place depending, 


however, on but one comparison star. 


By the method of disk diameters, these two plates also yield mag- 


nitudes, and, by inter-comparison, star colors. 


The last three 


columns of Table II give these results for the Nova and the stars A 
(see Table II]) and —4°4660. A comparison of these photographic 
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magnitudes with those given by Pickering' and Wolf? yields inter- 
esting results. Pickering gives the magnitudes of A as 6.98 visual 
and 8.67 photographic. Wolf gives the photographic magnitude 
of —4°4660 as 8.3, and of A as 8.4. Evidently stronger images of 
colored stars are given by a reflector than by a refractor, as the 
red and yellow rays, sharply focused by the mirror, are somewhat 
out of focus in an image formed by a photographic lens. The color 
effect given by comparison of the Seed and Isochromatic plates is 
0.27 magnitude for star A and 0.09 for the Nova, showing the latter 
to be only slightly colored. 

Table IV gives the photometric and photographic magnitudes of 


TABLE IV 


COMPARISON STARS FOR MAGNITUDE 


6-inch | 12-inch Seed Iso. Letter 
— 4+ 4650 -67 | 7-71 | 7-70 | 
— 4.4660 Q.22 9.16 | 9.10 
oe — 4.4663 7.30 8.59 | 8.32 a 6.98 8.67 
Se — 4.4665 9.29 9.47 9-47 | 9.48 c¢ | 9-42 9-57 
— 4.4668 9-45 9.39 9.60 | 9-53 b | 9. 36 


the brighter comparison stars for the Nova, the standards used being 
the stars E and F, which are assigned the magnitudes 7.55 and 
9.40, respectively, in Harvard Annals 24. An inspection of columns 
5 and 6 will show that none of the stars in this table is appreciably 
colored except the star A. The last three columns give a comparison 
with the Harvard data in Circular No. 106. 

Plate X reproduces the central portion of negative No. 227 on a 
scale of 29/7 to the millimeter. The Nova at the center of the plate 
is identified by the two short lines pointing toward it. This plate 
should be compared with the chart of the region given by Wolf in 
the Nachrichten above cited. Wolf states that the Nova is situated 


t Harvard College Observatory Circular No. 106. 


2 Astronomische Nachrichten, 169, 223, 1905. 
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PLATE X 


North 


Scale: 1 mm=29'7 
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24-Inch Reflector, 1905, September 21. 


Exposure, 3 hours 


— +7 


— +10’ 
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between two remarkable starless regions. The impression given 
by our plate is somewhat different. The dark lane south preceding 
narrows as it approaches the Nova, which is situated just on the 
edge of the lane. Beyond the Nova the lane is bridged by a multi- 
tude of faint stars, reappearing farther north and curving toward 
the preceding side. The field is exceedingly rich, and is a striking 
instance of the connection of Novae with the Milky Way. 


TABLE V 


FAINT COMPARISON STARS 


— 


|| HARVARD CIRCUL'R No. 106 
Co-oRDINATES FROM Nova Mac- | 
LETTER Table III Table 
j | IV 
Aa a6 12-inch | 4o-inch | Letter} Mag. Mag. 
eee —217°0 | —1485 | + 37°2 | 11.30 | 11.31 | o | 12.10 
| —11.4 | 1222.0 |] | esses 
—159.8 | —10.7 | + 54.2 | 10.82 | 10.96 | m | 11.28 
—150+ | —10+ | —150+ | 11.96 | 11.83 || 
—109.3 | — 7-3 | + 50.0 12.0 
— 6.7| — 0.4] — 17.7 16+ @ | 
— 4.3] —0.3/ + 18.0 14.9 
+ 2.7/ + 0.2 | — 70.3 14.66 |} x | 14.98 14.6 
+ 28.2| + 1.9 | + 22.1 15.2 
+ 46.7] + 3.1 | —113.8 || | 14.8 
+123.0} + 8.2 | — 15.8 | 13.74 | 13.27 | t? | 14.17 13-7 


A sequence of faint comparison stars was selected on negative 
No. 227, beginning with a, the faintest, and proceeding in alphabetical 
order to /, of about eleventh magnitude. The positions of these 
stars were measured on the negative, using the stars in Table III 
for orientation and scale value. Table V gives their co-ordinates 
relative to the Nova with the photometric magnitudes as far as meas- 
ured; also three columns showing a comparison with the Harvard 
data. The co-ordinates are probably correct within a few tenths of 
asecond. There is some uncertainty about the identifications with 
the stars in the Harvard Circular, as a comparison of the co-ordinates 
will show. Evidently the positions given in the circular are only 
approximate. 

Table VI gives the observed magnitudes of the Nova, the second 
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TABLE VI 


OBSERVED MAGNITUDES OF THE Nova 


| Mag. Aperture 
1905 September 2......... | 8h 10.3 I2V 
| 8 10.4 I2V 
10 I1.0 24V 
7 10.82 12 
| a | 8 11.07 | 40 


column giving Central Standard Time, six hours west of Greenwich. 
The last column gives the aperture in inches, with the letter v added 
for direct visual comparisons, not photometer measures. With the 
40-inch the Nova appeared slightly nebulous, not focusing as sharply 
as the stars & and /, of about the same brightness. This appearance, 
with the slight color, will probably account for the inconsistency 
between the measures with the different apertures. 


YERKES OBSERVATORY, 
October 14, 1905. 

Nore.—In addition to the plates taken with the 24-inch reflector, ‘ 
parallax plates of Nova Aquilae were obtained with the 4o-inch 
refractor by Mr. Frank Sullivan. These will be subsequently utilized 
for measurement, if the brightness of the Nova remains sufficient 
to permit other plates to be obtained at the complementary season 
for parallactic displacement. 

The region of the Nova is included on at least ten plates obtained 
during this summer by Professor Barnard at Mount Wilson with 
the Bruce photographic telescope. Six of them were made in July 
and three in August. The images will probably not prove to be very 
good, as they will fall near the edges of the plates, in the field of poor 
definition. These negatives are now in transit by freight from 
California, with the Bruce telescope itself, and cannot be referred to 
more particularly at this time. 

The faintness of the Nova prevented us from attempting to obtain 
the spectrum with the Bruce spectrograph. With the use of one prism 
(1 mm = 30 tenth-meters, at A 4481) it is not feasible to photograph 


the spectra of stars fainter than the eighth magnitude. 
EpwIn B. FRost. 
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H 1175. NOVA AQUILAE, No. 2. 185604" 


A second new star in the constellation Aquila has been found by Mrs. 
Fleming from an examination of the photographs of the Henry Draper 
Memorial. No trace of this star has been found on any photograph taken 
before August 18, 1905. It is important that this star should always be 
designated as No. 2, to distinguish it from Nova Aquilae, No. 1, which was 
first photographed on April 21, 1899, was discovered in the same way, and 
was described in the Harvard Bulletin of July 11, 1900, and in Circular 56. 

The principal facts concerning a number of photographs of the region 
containing Nova Aquilae, No. 2, are given in Table I. The first column 
gives the letters designating the series, followed by the number, in that 
series, of each photograph. The letter A denotes that the photograph was 
taken with the 24-inch Bruce telescope, B with the 8-inch Bache telescope, 
C with the 11-inch Draper telescope, I with the 8-inch Draper telescope, 
and AC with the Cooke anastigmat. The year, month, and day are given 
in the second column, the Julian day and decimal in the third column, 
and the duration of the exposure in the fourth column. The photographic 
magnitude of the Nova is given in the fifth column for the later plates, 
and for the earlier plates the magnitude is that of the faintest star shown, 
preceded by the sign <, which denotes that the Nova was not seen and 
must have been fainter than the magnitude given. The scale is that 
defined by the photographic magnitudes of the comparison stars, given 
in the last column of Table III. There are probably two or three hundred 


TABLE I 


DESCRIPTION OF PHOTOGRAPHS 


| i] 
Plate Date Julian Day| Exp.|) Mag. | Plate Date Julian Day Exp} Mag. 
y md m || y md m 
B 2655 1888 5 22 | 0780. 788 22 || <12.1 AC 6s90 | 1905 8 10 | 7068.678 | 85 | <o.7 
B 2656 1888 5 22 | 0780.806 16 || <12.3 C 15907 1905 8 18 | 7076.635 | 75 9.07 
B 3013. | 1888 10 18 | 09290.487 | 16 || <12.3 AC 6614 | 1905 8 21 | 7079.602 | 63 9.27 
I 1494 1890 7 20 | 1569.753 | 11 || <12.0 | AC 6632 | 1905 8 26 | 7084.540 | 67 10.04 
I 11185 1894 6 13 | 2903.726 19 || <12.6 | AC 6643 | 1905 8 31 | 7080.547 | 60 10.28 
A 1851 1896 6 17 | 3728.680 60 || <13.6 | 133204 1905 8 31 | 7089.550 | 60 10.48 
117844 | 1897 4 12 | 4027.857 10 || <13.2 | I 33205 1905 8 31 | 7080.608 | 60 10.43 
A 6506 1903 8 15 | 6342.607 | 240 || <15.7 C 15930 1905 8 31 | 7089.574 | 10 10.38 
AC 6565 | 1905 8 2 | 7060.637 60 || <11.5 C 15931 1005 8 31 | 7089.609 | 20 10.38 
AC 6576 | 1905 8 4 | 7062.572 58 || <10.8 | C 15933 1905 8 31 | 7089.663 | 30 10.38 


* Harvard College Observatory Circular 106. 
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REMARKS 


B 2655. The earliest plate available for this examination. It extends the work 
over seventeen years. 
A 6506. This plate shows stars much fainter than any other photograph of the 
region. The region of the Nova is near the edge of the plate; otherwise, still fainter 
stars would probably have been shown. 

AC 6590. The last photograph before the appearance of the Nova. The region 
is on the edge of the plate, which, in the center, shows stars nearly as faint as AC 6565. 

C 15907. A spectrum plate of — 3°4460, taken with one prism. The spectra of i 
the stars — 4°4663, — 4°4669, —5°4876, —4°4684, and of the Nova are also shown. 
The Nova was discovered from this plate. Its spectrum, although faint, shows the 
lines Hd, Hy, » 4472, \ 4646, and HB, very broad and bright. The lines Hy and 
HB have accompanying dark lines on the edge of shorter wave-length. These dark 
lines are still better shown in a contact print from the original negative. 4646 is 
slightly stronger than the helium line \ 4472. The entire spectrum therefore closely 
resembles that of Nova Persei, No. 2, on March 30, 1901. See Annals, 56, No. 3, 
Plate I. 

AC 6614. Images near edge of plate, and much enlarged. 

AC 6632. This and the two preceding plates were taken after the Nova appeared, 
and before it was discovered. 

I 33294. Aspectrum plate. The spectrum of the Nova is substantially the same 
as that shown on C 15907. 


early photographs of the region, but only twenty-nine of them have been 
examined, as on none of them does the Nova appear. Only eleven of 


4 
A] these plates have been included in Table I. 
ined Since the discovery of the Nova on August 31, photographs of it and 
visual measurements of its brightness have been made on every clear 
night. The dates, photometric magnitudes, and photographic magnitudes 
are given in Table II. 
TABLE II 
MEASURES OF LIGHT 
Date Photometric | Photographic Date Photometric | Photographic 
10.32 10.41 September 0. 10.76 10.86 
September 1......... 10.41 10.42 10.65 
10.65 10.86 = 11.55 22.23 
A list of the comparison stars is contained in Table III. In the first 


portion of the table, which relates to the brighter stars, the first five columns 
give the designation, and the number, right ascension, declination, and 
magnitude according to the Durchmusterung, for the stars contained in 
that work. In the second part of the table, which contains the fainter 
stars, the second and fifth of these columns are omitted. The last two 
columns of the table give the photometric and photographic magnitudes. 


| 
| 
| 
| 


MINOR CONTRIBUTIONS AND NOTES 273 


The photometric magnitudes depend on measures made with the 12-inch 
meridian photometer for the stars a to 0, and star r. Estimates were made, 
by Argelander’s method, of the intervals between the stars and the magni- 
tudes deduced as described in Volume 37. The magnitudes of stars fainter 
than r were obtained by extrapolation and are somewhat uncertain. The 
stars a and / are much brighter visually than photographically. They 
have spectra of the second type. The other brighter comparison stars 
have spectra of the first type. The star # is fainter visually, but brighter 
photographically, than g or r. The positions of the stars not contained 
in the Durchmusterung were found by laying a plate, ruled in squares a 
millimeter on a side, on A 6506, and estimating the co-ordinates in twentieths 


of a millimeter. 
TABLE III 


COMPARISON STARS 


Des DM. R. A. 1855 |Dec. 1855|DM | Phtm.} Phtg. | Des. | R. A. 1855 |Dec. 1855| Phtm.| Phtg. 
hm s hm s 
mS acces 18 54 25.1 | —4 38.6 | @o 18 54 10.4| —4 38.0 | 12.10 | II.90 
a —4° 4663 53 28.8 | —4 38.4| 6.8] 6.98 | 8.67 || p 54 41.0 | —4 42.2 | 12.95 | 12.38 
b —4° 4668 54 11.9 | —4 32.1 | 8.5 9.36 | 9.17 q 54 43-5 | —4 42.6 | 12.38 | 12.69 
c | —4° 4665 53 42.4| —4 52.5 | 88] 9.42] 9.57 || 54 34.3 | —4 32.0 | 12.77 | 12.97 
d | —s° 4844 54 57-2| —5 0.0/9.0] 9.58] 9.70 5 54 53-5 | —4 40.3 | 13.53 | 13.27 
e | —5° 4830 53 40.8 | —§ 10.0} 9.1 | 9.06] 9.80 || #¢ 54 33-5 | —4 39.0 | 14.17 | 13.72 
| —4° 4675 55 21.2 | —4 35.5| 9.1 | 9.90| 10.09 || 54 37-3 | —4 40.5 | 13.08 | 13.07 
4 —4° 4687 57 39.0 | —4 44.7 | 9.2 | 10.02 | 10.17 || ™ 54 30.3 | —4 41.7 | 14.55 | 14.27 
—4° 4656 52 5.1 | —4 53-3 | 9.5 | 10.81 | 10.59 || x 54 25.5 | —4 30.8 | 14.08 | 14.62 
54 18.3 | —4 48.1 10.68 | 10.67 || 54 25.1 | —4 38.3 | .... | 14.82 
—4° 4677 55 50.6 | —4 43.8 | 9.2 | 10.26] 10.95 || 54 20.0 | —4 38.0 | 15.16 | 14.97 
54 14.2 | —4 37-7 |... | 11.28 | 11.30 || @ 54 24.8 | —4 39.0] .... | 35.27 
54 21.5 | —4 32.5 |...]| 11.54 | 11.45 


It was at first thought that the Nova might be identical with star a. 
As the plates available for comparison were on different scales, it was 
difficult to determine by inspection whether this was the case. Plates 
A6506 and C15938 were accordingly enlarged to the same scale, 
10’=o0.1cm. Superposing them, it was obvious that no star appeared on 
the first plate in the position of the Nova. 


TABLE IV 
ADJACENT STARS 


y |Mag. x y y | Mag. x y Mag. % 


> 
> 
> 
> 
> 
> 
> 
> 
> 
> 


15 | 13-5 
25| 15.2 || —66 


39 | 15.0 
17 | 15.2 


+ 14.0 || +47 | —113 | 14.8 || +107] + 71/ 15.1 
+135 | 14.8 || +48 | +105 | 14.9 || +111 | — 096 


+ + 

—105| + 54| 12.0 || —66 | — 30/ 15.2 || — 5|— 18| 15.3 || +54] + 15.0 || +115 | —102 | 15.2 
—105| + 14.2 || —65 | — 15.4 || — + 18] 14.9 || +63 | + 36/ 15.0 || +120] —107/ 14.9 
.02| + 14.3 || —54 | + 84] 15.0 ° o |Nova|| +75 | + 15.0 || +126| + 93 14.4 
— 90| + 30/ 15.2 || —45 | +123] 15.4 | +147| 15.4 || +70| + 77/| 15.0 || +126/ + 67/ 15.4 
— 95| +126) 15.0 || —41 | +111] 15.0 || + — 14.6 || — 15.4 || +126] —111 | 14.9 
— + 12) 14.8 || —36 | — 71] 15.2 || +13 | +126) 14.8 || +05 | +109] 15.2 || +127] — 13.7 
— 84) + 06/15.2 || —30 | + 15] 15.2 | +18 +144/ 15.4 || +06| + 87/ 15.3 || +132) + 14.4 
— 77| + 75|14.0 || —15 | + 14.8 || + 18/ 15.2 || + 57] 15.5 
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The positions and estimated photographic magnitudes of all the stars 
shown on A 6506, and not more than 2’ distant from the Nova in right 
ascension or declination, are given in Table IV. The stars for which the 
values of x are —5””, —1”, 0”, +6”, +63”, and +127” area, y, Nova, 
x, z, and /, respectively. 

On the photographs taken on August 18 and 21, the Nova was nearly 
equal in brightness to the star a, —4°4663, mag. 6.8. It was therefore 
at first supposed that the Nova was at least as bright as the seventh 
magnitude. 

It will be seen that the time during which the Nova made its appear- 
ance was between August 10 and August 18. This interval may be greatly 
reduced when the plates taken in Arequipa are received. As, however, 
the Moon was full on August 14, the number of plates taken at that time 


would be small. 
Epwarp C. PICKERING. 


SEPTEMBER 23, 1905. 


ON THE LIGHT- AND VELOCITY-CURVES OF W SAGITTARII 


After the completion of my paper on the radial velocity and orbit of 
W Sagittarii,* there came to hand the excellent set of photometric obser- 
vations of this star appearing in the Annals of the Astronomical Observa- 
tory of Harvard College, Vol. 46, Part II. The deductions from these 
observations possess certain points of interest that may well be pointed out 
in connection with my own radial-velocity determinations of this variable. 

Forming the mean of ten determinations of light maxima of W Sagittarii 
from Table XVIII of the Harvard volume, and bringing this mean up to 
my epoch with Chandler’s accurate period, I find for time of maximum, 
1903, August 2.46 days. My value from Chandler’s elements was, 1903, 
August 2.86 days. Adopting the new value, the only orbital element 
affected is T (time of periastron passage after light maximum), which 
becomes 6.69 days. Thus the light maximum occurs 0.99 day instead of 
1.39 days after periastron time, and almost exactly at velocity minimum 
instead of 0.4 day after it. 

The greatest interest lies in the comparison of the light- and velocity- 
curves. In the accompanying diagram the Harvard light-curve from 
Table XVII is drawn in parallel with the velocity-curve to exhibit the 
correspondence of detail both in form and position referred to maximum. 
The striking concordance observed is certainly more than a coincidence. 
Indeed, the strong general resemblance between the light- and velocity- 


t Astrophysical Journal, 20, 160, 1904. 
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curves of W Sagittarii is good evidence that the form of each is determined 
by the same underlying causes; but speculation on this point may properly 
wait until more data are available on similar stars. 

The differences between the Harvard and the Schmidt light-curves seem 
hardly accountable on the ground of observational errors. It is not impos- 
sible that the true explanation is to be found in actual changes in the 
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VeELocity- AND Licut-CurvEs OF W Sagutarii 


system of this star in the interval of thirty years between Schmidt’s obser- 
vations and those of Harvard College Observatory. This variation in the 
form of the light-curve, together with Schmidt’s suspected perturbation 
in the light period, suggests that the light-changes of W Sagittarii are com- 
plicated by factors whose forms and magnitudes cannot be determined until 
the spectrographic and photometric observations cover many years. 

R. H. Curtiss. 


Lick OBSERVATORY, 
May 20, 1905. 
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INTERNATIONAL UNION FOR CO-OPERATION IN SOLAR 
RESEARCH: MEETING AT OXFORD, SEPTEMBER 27-29, 
1905" 

By the kindness of the warden and fellows, the second meeting of the 
International Union for Co-operation in Solar Research was held at New 
College. The proceedings were opened on Wednesday, September 27, 
by Professor Turner, who briefly alluded to the St. Louis meeting, and 
expressed the hope that some good might be done by a few days’ inter- 
course in the quiet of Oxford. In the absence of the warden, the sub- 
warden, Mr. Matheson, welcomed the conference. He referred to the 
historic connection of New College with scientific research, particularly 
astronomy, and spoke of the general value of the meetings of men of differ- 
ent nationalities in promoting good feeling between the different countries 
in addition to their scientific importance. 

Professor Schuster, on behalf of the conference, returned thanks to the 
warden and fellows. He went on to say that since the last meeting neces- 
sarily the business of the association had rested with the executive, and 
that body had acted on the principle that “it was better to do something 
irregularly than nothing regularly.” 

He proposed Sir William Christie as president for Wednesday, and 
M. Janssen as honorary president, and Professor Turner as president 
for Thursday. This was seconded by Sir Norman Lockyer. 

At the meeting at 10:45 Sir William Christie presided, M. Janssen and 
Professor Schuster being on the platform with him. Professor Kayser 
proposed, and MM. Pérot and Fabry seconded, the following resolutions 
on new determinations of wave-lengths: 


1. The wave-length of a suitable spectroscopic line shall be taken as the 
primary standard of wave-length. The wave-length of this line shall be fixed 
permanently and thereby define the unit in which all wave-lengths are to be 
measured. This unit shall differ as little as possible from 10-'° meters, and 
shall be called the Angstrém. 

2. Secondary standards are required at distances which should not be greater 
than 50 Angstrém units apart. These secondary standards should be referred to 
the primary standard by means of an interferometer method. The source of 
light should be obtained by means of an electric arc of from 6 to 10 amperes. 

3. A committee shall be appointed to select the standards and to organize 
the determination of their wave-lengths in terms of the primary standard in at 
least two independent laboratories 


1 From the Observatory for October. 
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4. The same committee shall be charged with the selection of tertiary stand- 
ards which shall be at distances of from 5 to 10 A. The wave-lengths of these 
tertiary standards are to be obtained by interpolation with the help of gratings. 


The resolutions were carried, and further details left to a committee. 

The second resolution was moved by Professor Hale and seconded by 
M. Deslandres, ‘“‘that a committee be appointed to draw up resolutions 
to be submitted to the meeting tomorrow.” 

Professor Hale said that a complete program for solar research would 
involve— 


1. Solar photographs on, say, an 8-inch scale for the study of the general 
positions on the Sun’s surface and for statistical inquiries. 

2. Enlarged scale photographs like those of M. Janssen. 

3. Photographs in calcium light with the spectroheliograph. 

4. Photographs in the light from other metals. 

5. Spectra of the K line in different parts of the Sun. 

6. The spectra of sun-spots, the widening of the lines, radiation from sun- 
spots, etc. 

7. Visual observations of chromosphere and spots. 


He pointed out that there was urgent need for co-operation and an 
ample field for research in these many lines. 

M. Deslandres, Mr. Newall, Professor Bélopolsky, and Sir Norman 
Lockyer were all agreed that co-operation was absolutely necessary, and 
need not be in the least degree detrimental to work requiring individual 
initiative. 

Professor Fowler and Father Cortie spoke of the advantages to be 
obtained by a scheme of co-operation in work on the spectra of sun-spots. 

At the meeting in the morning of Thursday, September 28, at which 
Professor Turner took the chair, the following resolutions dealing with 
solar radiation were submitted: 


1. In order to secure uniformity, it is desirable that observations on the 
intensity of solar radiation in different localities shall be made as far as possible 
with the same type of instrument. 

2. That for the present Angstrém’s pyrheliometer be adopted as the standard 
instrument. 

. That it is desirable to obtain accurate comparisons between the records 
of p Ath pyrheliometer and other standard instruments; and that Mr. 
Abbot, Professor Callendar, Mr. W. A. Michelson, and Mr. W. E. Wilson be 
asked to assist the Union in this work. 

4. That for the determination of the possible changes in the solar radiation 
power it is desirable to secure measurements of the intensity over limited ranges 
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of the spectrum, which are not affected by absorption due to ozone, aqueous 
vapor, and carbonic acid. 

5. That a committee be appointed to draw up a scheme of co-operation, 
and proposals for the reduction of observations. That the committee be requested 
to communicate the scheme and proposals to the Executive Committee, with a 
view of initiating a system of observations according to the scheme. 

6. That the union recognizes the great importance of measurements by 
direct photography, as well as by other methods, of the relative intensities of 
radiation emitted by different parts of the solar surface, and desires to include 
such measurements in the subjects to be dealt with by the Union. 


The first five of these were brought forward by Professor Schuster, the 
sixth was added by Sir William Christie. 

Professor Angstrém read a paper describing his pyrheliometer, and 
Professor Julius spoke in support of the resolutions generally. 

Mr. W. N. Shaw explained that the International Meteorological 
Conference had adopted the resolutions Nos. 1 and 2, and urged that the 
same instruments and methods should be continued for a long time. 

Sir W. Christie suggested that attempts should be made to photograph 
the umbra of spots on a large scale and isolated from the surrounding 
parts of the Sun’s disk. 

Professor Hale explained Abbot’s bolometric work on sun-spots, show- 
ing the difference in radiation when different lines were taken. 

Professor Hull and Professor Bélopolsky also spoke on the resolutions. 

Subsequently the following resolutions, which were the result of the 
deliberations of a committee consisting of Sir Norman Lockyer, Professor 
Hale, M. Deslandres, Professor Bélopolsky, and Professor Wolfer, after 
being amended at the meeting, were proposed by Sir Norman Lockyer and 
agreed to: 

1. Co-operation is desirable in the various branches of solar research, such 
as visual and photographic observations of the solar surface, visual observations 
of prominences, and observations of the solar atmosphere with spectroheliographs 
of various types. 

2. When an institution has collected and co-ordinated results from various 
sources, members of the Union shall be requested to place their observations at 
the disposal of the said institution. 

3. In the case of investigations which have not yet been thus collected and 
co-ordinated, special committees nominated by the Union shall be charged with 
the work of preparation and organization. That these committees be requested 
to communicate the scheme and proposals to the Executive Committee, with a 
view of initiating a system of observations according to the scheme. 

4. It is proposed forthwith to organize such co-operation in two branches of 
research: 
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a) The study of the spectra of sun-spots. 

b) The study of the records, by means of the H and K light, of phenomena 
of the solar atmosphere. 

5. The Union lays special stress on the fact that, notwithstanding the obvious 
utility of co-operation in certain cases, individual initiative is the chief factor in 
a very large number. 


It is as much the duty of the Union to encourage original researches as 
to promote co-operation. 

There was some discussion on these resolutions, leading to some amend- 
ment, in which most of those present took part. At the instigation of 
Sir William Christie, the words “special committees nominated” were 
substituted for ‘‘a committee specially nominated” in resolution 3, and 
the second part of this resolution was added in the course of the discussion. 
Professor Bélopolsky drew attention to differences of kinds of work—some 
in which co-operation would be helpful, others depending on individual 
initiative. Sir William Christie asked how far co-operation in work other 
than that with the spectroheliograph was desirable; and Father Cortie 
thought the danger of overlapping was avoided by co-operation. 

Professor Fowler proposed that a committee should be formed to 
arrange for spectroscopic observations of sun-spots. 

Professor W. W. Campbell instituted a discussion on the spectroscopic 
determination of solar rotation, and Dr. Halm described the instrument 
used by him at Edinburgh for this purpose. 

The concluding meeting was held on the morning of Friday, September 
29, when the proceedings were mainly of a formal character. It was 
resolved to accept the invitation of M. Janssen to Meudon in September 
1907; that the Central Bureau should be at the University of Manchester, 
and the Computing Bureau at the University Observatory, Oxford, under 
the direction of Professor Turner; and committees were elected to deal 
with the four subjects: (1) standards of wave-length, (2) solar radiation, 
(3) co-operation in work with the spectroheliograph, (4) co-operation in 
the work on spectra of sun-spots. Professors Schuster and Hale were 
elected members of the Executive Committee, the first-named being chair- 
man. 


LIST OF DELEGATES AND VISITORS PRESENT AT THE MEETING 


Name Representing 
PROFESSOR K. ANGSTROM.......... Academy of Sciences, Stockholm 
Proressor A. BELOPOLSKY........ Academy of Sciences, St. Petersburg 


Mr. F. A. BeLiamy (Oxford) 
Proressor W. W. CAMPBELL...... National Academy of Sciences, Washing’n 
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Stk WILLIAM CHRISTIE............ Royal Society, London 

Royal Astronomical Society, London 
Comte De LA BAUME PLUVINEL... Astronomical Society of France 

Astronomical Society of France 


Mr. H. (Manchester) 
Mr. F. W. Dyson (Greenwich) 
Proressor W. S. EICHELBERGER (Washington) 


PRroFEssoR A. FOWLER............ Royal Astronomical Society, London 
Proressor G. E. HALE........... National Academy of Sciences, Washing’n 
Mr. J. Havm (Edinburgh) 
Academy of Sciences, St. Petersburg 
eee Royal Astronomical Society, London 
Proressor G. F. Hutt (Hanover, N. H.) 
ce Academy of Sciences, France 
Proressor W. H. Jutius.......... Academy of Sciences, Amsterdam 
PROFESSOR H. KAYSER............ German Physical Society 
ProFEssor LITTELL (Washington) 
Str NORMAN LOCKYER............ Royal Society, London 
We Solar Commission of International Mete- 
orological Committee 
Mr. GeorGes MILLOcCHAU (Meudon) 
} Royal Society, London 
Physical Society of France 
Mr. H. C. PLrumMMeER (Oxford) 
PRoFEsSOR A. SCHUSTER........... Royal Society, London 
ere International Meteorological Committee 
| Proressor H. H. TuRNER........ Royal Astronomical Society, London 
ProFessor E. WEISS..........:... International Association of Academies 


ProressorR WOLFER (Zurich) 
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Handbuch der Spectroscopie. By H. Kayser. Band III. Pp. 
viii+604. Figs. 94 and three plates of spectra. Leipzig: S. 
Hirzel, 1905. 38 marks; bound, 42 marks. 


This is the third volume of the set of five great treatises which were 
planned to record all that is of worth in the field of spectroscopy. The 
task is a formidable one, since, in addition to the references, there is a 
summary of the results of each research accompanied by critical remarks. 
The latter are given with great frankness; nevertheless, they are fair. 
In all cases completeness in record of literature is aimed at, and it would 
seem that little of value has been overlooked. In the preface of Volume I 
the author remarks that more than forty journals and treatises have been 
looked through from 1860 up to the present time—title and contents with 
notation of all spectroscopic citations. Not until then did he consult the 
Fortschritte der Physik, Beiblatter zu Wiedemanns Annalen, and the Reports 
of the British Association. The result is a review of more than 7,000 
papers, the contents of which are now accessible to the reader. The work is 
bearing fruit. The frequent references to Kayser’s Spectroscopie in recent 
papers on spectroscopic subjects show that it is filling a long-felt need. 

The first volume contains the history of spectroscopy, and the descrip- 
tion and theory of apparatus. The second volume deals with Kirchhoff’s 
law, and its consequences, the emission of solids, the views concerning the 
incandescence of vapors and gases, the dependence of emission spectra 
upon pressure, temperature, magnetization, and finally the classification 
of the spectra. Originally it was intended to have the third volume deal 
with the phenomena of absorption, fluorescence, and phosphorescence; 
but the first part assumed such proportions that the author decided to 
divide it into two volumes. As a result, the third volume contains the 
description of apparatus and methods to investigate absorption spectra, 
an account of our knowledge of the dependence of absorption upon consti- 
tution, and finally a classification of the observational material for inor- 
ganic and artificial organic compounds. The next volume is to deal with 
the natural organic dye-stuffs from the plant and the animal kingdom, 
and also the phenomena which are associated with absorption: namely, 
dispersion, fluorescence and phosphorescence. 
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The author aptly remarks that the task in compiling these two volumes 
has not been a very agreeable one; that it consisted in collecting and 
sorting observational material of inferior value. Just why he should con- 
sider the data of an inferior order is not explained. Perhaps he did not 
wish to expose the failing of his fellow-workers, which is the proneness 
to overlook the necessity of dealing with pure materials. In addition to 
this fact, it must be remembered that but little has been done recently in 
absorption spectra; while, on the other hand, emission spectra are con- 
stantly being reinvestigated in the light of modern theories. Nevertheless, 
although the task has been burdensome, this volume fulfils the promise 
of the earlier ones in completeness and thoroughness of treatment. It 
deals exclusively with absorption spectra in the ultra-violet, visible and 
infra-red regions of the spectrum. Chapter I naturally deals with appara- 
tus and methods used in investigating absorption spectra. Chapter II 
treats of the variation in absorption spectra, and the influence of the solvent, 
of the temperature, of the concentration, and of the thickness. Kundt’s 
law of the shifting of the maximum of the absorption band of the solute 
toward the long wave-lengths, with increase in the refraction and disper- 
sion of the solvent, is fully discussed, and the author shows that it is one 
of those laws which has many unexplained exceptions. Chapter III was 
written by Professor Hartley, of Dublin. This chapter contains a some- 
what detailed account of what has been accomplished in the ultra-violet, 
visible and infra-red spectrum. The ultra-violet, being Hartley’s own 
field, is most fully treated. His work dates back to the latter part of the 
seventies, when the constitution of the essential oils was practically unknown. 
It is interesting, therefore, to note that at this early date (1880) he showed 
from his absorption spectra that these oils contain benzene derivatives, 
which has since been proven by chemical analysis. The absorption curves 
found by Hartley for the ultra-violet, and the photographs of the infra-red, 
by Abney and Festing, are reproduced and form a valuable adjunct to the 
work as a whole. Chapter IV deals with the absorption of a list of com- 
pounds arbitrarily selected, many being of practical use. The chapter 
includes also the spectra of the rare earths, since it was found desirable to 
group them instead of giving a summary of each one. This is reserved for 
Chapter V, which contains an alphabetical list of all the known absorption 
spectra, except those which are to be included in the next volume. 

Attention must be called to the matter of wave-lengths of absorption 
bands in the infra-red. In looking over Chapters IV and V, and noticing 
that one investigator found absorption bands of CS, at 4.62 » and 8.72 p, 
another found bands at 4.65 # and 8.05 w, and a third found bands at 
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4.65 » and 6.7 mw, it would appear that the whole is in a state of chaos. As 
a matter of fact, the latter numbers refer to one band whose absolute value 
in wave-length is about 6.7 #. The older values, found by Angstrém and 
by Julius, were obtained at a time when the dispersion of rock salt was 
unknown beyond 5 », and the wave-lengths were obtained by extrapolation. 
Subsequent work by Rubens and others shows that these values are very 
much too large. Chwolson, in his Lehrbuch, has made the same slip, but 
it makes less difference than in the Spectroscopy, which is really a book 
for reference, to be quoted as an authority just as is true of the preceding 
volumes. In quoting these wave-lengths, beyond 5 w, the author should 
have called attention to this discrepancy. This is merely an oversight 
(see p. 384), and will not militate against the use of the volume as a whole, 
for a standard of reference. 
WILLIAM W. COBLENTZz. 


Astrometrie: oder, Die Lehre von der Ortsbestimmung im Himmels- 
raume. Erstes Heft: Die Spharik und die Koordinatensysteme, 
sowie die Bezeichnungen und die spharischen Koordinaten- 
messungen. Von WILHELM FOERSTER. Berlin: Georg Reimer, 
1905. 4 marks. 


All former students of Professor Foerster will recognize in the contents 
of this first Heft, which is soon to be followed by others, the main essence 
of his lectures on astrometry which he has been accustomed to deliver 
for a long series of years during the summer semesters at the University of 
Berlin. His successful attempt to build up from rather simple and very 
fundamental notions the entire structure of that part of the astronomical 
science which deals with the measurements of the macrocosmic con- 
figurations, the unique representation of the theory of the individual 
astronomical instruments as special types of one general form of instrument, 
brings a much-desired unification into that field of astronomy which is 
generally referred to as ‘‘spherical astronomy.’ In the small space allotted 
to this review it is impossible to do much more than simply quote the 
various heads of topics dealt with in the 160 pages which are before us: 
I, ‘‘Die Sphirik;” II, ‘‘Die Koordinatensysteme und Bezeichnungen;” 
III, ‘‘ Die sphirischen Koordinatenmessungen.”’ Section I starts out with 
general remarks on binocular and stereoscopic seeing, defines instru- 
mentally the line of vision, and gives a general characterization of the 
measurement of angles. Emphasis is laid on the polar triangle. In 
Section II the orientation of a point S by the two co-ordinates o and y, 
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which are called Poldistanz and Leitwinkel, lays the basis to all later repre- 
sentations. Section III, which occupies pages 27 to 160, brings the theory 
of the equatorial, the transit instruments, and the horizontal universal 
instrument. The book will prove to be of great service to all who have 
become acquainted with astronomical instruments through actual observa- 
tions. As a textbook for beginners it will likewise be very useful, provided 
that continued reference is taken to properly constructed models and to 
the instruments themselves. Otherwise the high view-point of regarding 
the individual phenomenon as a special case of a much more general type, 
which is the characteristic beauty of this book to the connoisseur, may 
prove to produce undesired effects with the uninitiated. For more than 
ten years my lecture notes on Professor Foerster’s Astrometry have 
been used as a basis for an introduction to spherical astronomy. From 
the experience gained in this way I have become thoroughly convinced 
of the great pedagogical value inherent in this form of representation. 


Kurt LAVES. 
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